Please cite this article as: Knuuttila, A., Uzcátegui, N., Kankkonen, J., Vapalahti, O., Kinnunen, P., Molecular epidemiology of Aleutian mink disease virus in Finland, Veterinary Microbiology (2007), doi:10.1016/j.vetmic.2008 This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
M a n u s c r i p t originate from USA, Denmark, or even Finland, but due to the North American origin 231 of the species of mink being bred, AMDV has likely been introduced from North 232
America to the rest of the breeding countries and all three genotypes probably already 233 exist there. However, feral origin of AMDV in another mustelid species cannot be 234 excluded. 235
236
The tree inferred that AMDV has been introduced to Finland on several different 237 occasions, at least three times, as Finnish strains could be found in all three groups. 238
Regrettably, exact information on Finnish mink imports and exports decades ago is 239 unavailable; thus, the origin of the ancestors of Finnish strains also remains unclear. strains from other geographical areas would likely also fall into this group. 247 248 All of the strains appeared to be viable, as several lineages seemed to evolve 249 simultaneously. No correlation according to the year of isolation or geographical 250 origin was evident. Known pathogenic strains existed in all of the groups, i.e., United 251 in group I, K in group II and Utah 1 in group III. Thus, no clustering according to 252 pathogenicity was detected. Highly pathogenic strains seem to appear spontaneously 253 from different genetic backgrounds; from strains of low pathogenicity and vice versa. 254 AMDV-United seems to be ancestral to farm D strains, which could indicate highM a n u s c r i p t 12 pathogenicity and explain the rapid spread of the virus at the farm. On the other hand, 256 only a few nucleotide changes in a parvovirus may greatly alter its biological 257 characteristics (Parrish, 1999) . 258
259
The strains described here were nearly identical on one farm; however, strains from 260 one farm can fall into different groups (Olofsson et al., 1999) . Gottschalck et al. 261 (1991) reported also that several types of AMDV sequence can be found in one 262 animal. They studied strains that had been passaged in mink several times; thus, cross-263 contamination with other strains is possible. In our study, there was no indication of 264 infection of one animal with multiple strains, as no minor or alternative variants could 265 be seen in the sequence chromatogram data. However, this was not verified by 266
cloning. 267 268
Earlier studies (Gottschalck et al., 1994; Schuierer et al., 1997; Olofsson et al., 1999) 269 have implied that AMDV has a replication bias towards amino acid changes. 270 Gottschalck et al. (1994) reported that the ds/dn ratio for AMDV NS1 is around one, 271
suggesting that there might be positive selection for variation. However, they analysed 272 only four strains. Here we found the ratio to be slightly higher, approximately 2.7, 273 indicating mild purifying selection. Lukashov and Goudsmit (2001) also suggested a 274 ds/dn ratio of over one for AMDV. Ds/dn ratios of ORF1 reported for other 275 parvoviruses are higher, from four to eight (Lukashov and Goudsmit, 2001) . 276 277 Another question is whether the virus is evolving slowly or rapidly. Gottschalck et al. 278 (1994) calculated, based on the estimated rate of retained nucleotide sequence 279 substitution per year, that AMDV-G and -K have separated 700, and -G and -Utah 1M a n u s c r i p t 13 50 evolutionary years ago, concluding that the observed heterogeneity is due to the 281 long evolutionary history of the virus rather than the result of a high mutation rate. 282
Our data indicated that a molecular clock is not applicable for AMDV, thus a constant 283 rate of evolution cannot be applied and such calculations are unreliable. 284
285
No recombination of AMDV strains was found, possibly because of the short 286 sequence analysed. Shackelton et al. (2007) recently reported putative recombination 287 regions for AMDV at two nucleotide sites of the VP2 gene. Moreover, recombination 288 has been noted to occur in other parvoviruses (Johansen et al., 1998; Lukashov and 289 Goudsmit, 2001; Shackelton et al., 2007) . 
Conclusions 301
In this study, phylogenetic analysis was performed on 54 AMDV strains. According 302 to the analysis, the strains formed three groups (I-III), and Finnish strains could be 303 found in all groups, indicating that AMDV has been introduced at least three times to 304 Finland. The strains described in our study were nearly identical on each farm. NoA c c e p t e d M a n u s c r i p t 14 correlation with the year or place of isolation or pathogenicity was detected. Contrary 306 to previous studies, AMDV seemed to be under mild purifying selection. No 307 recombination or molecular clock was verified here. 308
309
We analysed partial NS1 sequences, and more sequence data, possibly from several 310 genes, are needed to construct a more fully resolved AMDV tree. More importantly, 311 to gain more data on AMDV evolution, obtaining strains from mink farms from 312 different countries and strains from ferrets and feral mustelids is necessary. 313
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